Modern physics is now a regular course for non-physics majors who do not have to take the accompanying laboratory. This lack of an experimental component puts the engineering students at a disadvantage. A possible solution is the use of computer simulations to add a constructivist element to the class. In this work we present a set of computer simulations of fundamental experiments, key to the teaching of modern physics, as well as their in-class implementation and assessment. Preliminary results indicate that the use of these simulations produce a substantial increase of student comprehension.
Introduction
Most universities and colleges offer a regular course on modern physics to non-physics majors. Since in the majority of these cases, a laboratory is not required for this class, this puts engineering students at a disadvantage for understanding key concepts in the foundation of today's technology. Solving this problem is a complicated issue, as engineering degree plans are already loaded with many courses and labs, and the equipment needed for many modern physics experiments is expensive and difficult to maintain. This led us to explore different alternatives. Hands on activities have been developed for general physics courses, but not much for modern physics.
A big exception is the project CUPS, Consortium for Upper-level Physics Software, which developed a series of computer exercises covering most of the undergraduate physics curriculum, including modern physics 1 .
Although the core of the CUPS project provides instructors and students with a tool to teach physics and to develop physical intuition, the exercises lack definite goals, and end up being used mainly as in-class demonstrations and not as part of a constructivist environment. Some accompanying material has been developed to integrate CUPS simulations to student solo activities 2 .
2
Generally speaking, the purpose of an experimental laboratory is to train the student in relating input variables with output signals, thus identifying physical concepts. If performed under a constructivist environment, the student also learns how to advance hypotheses, develop theories, etc. all under a group format. To have computer simulations helping with all these tasks, the simulations should mimic, as much as possible, a real experiment 3 . Some of the problems of making a simulation as real as possible have been discussed in recent publications 4 .
Under this spirit, a project to design, develop, and assess computer versions of key modern physics experiments was initiated with support from the Division of Undergraduate Education of the National Science Foundation (Grant NSF DUE-9651026). This work is a report of the first in-class use and assessment of some of the simulations developed.
The simulations
Designing computer simulations as a supplement of a modern physics class imposes a number of limitations. First, to maintain the class structure, the simulations must be planned as one-hour activities to replace a lecture. The topic of each of the simulations has to be strongly correlated with the material covered in class. The simulations must mimic, as much as possible, the setup of the original experiment, including input and output variables. And, to add a constructivist touch, enough degrees of freedom had to be added to the simulations to allow the students to find their own way and to avoid a recipe-like format. where θ is the angle where maximum intensity is observed, d is the inter-atomic spacing, and n is the order of the diffraction maximum. Later on, experiments with different particles were performed and similar results were obtained. The general conclusion was that particles behave like waves.
Description of the simulation
The simulation was designed to reproduce the experiment using a black-box approach. Input and output variables, such as voltages, type of particles, etc.
were identified, and relationships among them were included as the inner side of the black-box. angles between 0 and 90 degrees. Interpolation between any two curves makes possible to cover a larger range of voltages and colatitude angles. In this way, the students have the same degrees of freedom that the original researchers had. On their own, students must realize that to obtain meaningful results, an specific voltage must be fixed first, and that the detection angle must be varied many times.
Assessment and data collection
The assessment of the activity was designed to test the student's knowledge of the experiment before and after using the simulation. Again, taking the experiment as a black-box, elements of the experiment were identified to be included in the pre-and post-tests. The assessment exams and the simulation were taken by the students after covering the material in class. Two UTEP modern physics classes totalling over 50 students participated in this study.
Due to the relatively small number of students, the possibility of using a control group was discarded. 
Results

Results from other simulations
Altogether, four simulations were used and tested with the UTEP students, and one with one UWO modern physics class. The simulations used at UTEP were the Rutherford, Compton, Frank-Hertz, and Davisson-Germer, and the one tested at UWO was the Frank-Hertz.
Assessment analyses similar to the one described before were performed for all the experiments. Results for the pre-and post-exams are presented in fig. 6 . As before, the gain from the pre-to the post exams varied from 30% to 50%, much larger than the canonical 10 to 20% generally obtained with traditional teaching methods, and on the higher end of the percentages obtained with interactive engagement methods in introductory physics courses 9 .
As an informal assessment, we collected anecdotal information from students, professors, and experts on the field. Common student comments were:
• "The labs were useful and successful"
• "The laboratories offered in the physics department were very useful to me. They gave me a more in-depth knowledge regarding the subject"
• "The class lecture gave me a good view behind the experiments, but the possibility of changing parameters and seeing the process of the experiment itself, gave me more details and helped me understand the material much better"
• "I feel more knowledgeable of the material for which I had the chance to run the experiments than those just presented in class. Also, it encouraged team discussion, and more ideas were brought up and shared among the group members".
Conclusions and further directions
To add an interactive element to modern physics courses, we designed, developed, and assessed computer versions of several key modern physics experiments. Using the simulations as part of the class, students were tested before and after the use of the simulation. We presented, as a study-case, the simulation, and the pre-and post-exams for the Davisson-Germer experiment. Results for other simulations tested at UTEP and at UWO were also presented.
In conclusion, the use of the simulations appears to be very benefitial for the students. Aside from extremely positive feedback from the participant in-structors and students, the pre-and post-exams showed a significant increase in the understanding of the basic physics ingredients of the experiments.
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MODERN PHYSICS SIMULATIONS DAVISSON-GERMER EXPERIMENT PRE-TEST
In the Davisson-Germer experiment, a beam of low energy particles was sent to hit a target.
6)
Changing the energy of the incident particles would produce: a) a more uniform scattering in all directions b) a larger scattering in the forward direction c) no effect on the direction of scattering d) change the angle of maximum scattering e) do not know The significance of the Davisson-Germer experiment is that it helped to explain: a) the atomic spin b) the particle-like behavior of photons c) the existence of electron energy levels in atoms d) the wavelike behavior of electrons e) do not know 
